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EXTREMES OF WAVE FORCES
By Mircea Grigoriu,’ M. ASCE

AsstracT:  Probabilistic descriptors are developed for Morison-type wave forces.
They are based on the actual distribution of these forces and on the hypothesis
that wave forces follow Gaussian distributions. The Gaussian hypothesis is
characteristic of analyses based on statistical linearization, Results show that
this hypothesis provides unsatisfactory estimates for the peak of wave forces
during design storms. Both the mean and the variance of the peak wave force
can be underestimated significantly when the Gaussian hypothesis is applied.
It is assumed in the analysis that the wave particle velocity process follows a

INTRODUCTION

According to Morison’s equation, wave forces acting on cylindrical
members have two components: drag forces, which depend nonlinearly
on wave particle velocity, and inertia forces, which are proportional to
wave particle acceleration (1,7,8,9,11,12). Wave forces are then non-
Gaussian processes, although fluid velocities are assumed to follow
Gaussian distributions. Yet, they are modeled by Gaussian processes when
the analysis is based on stafistical linearization because, in this ap-
proach, drag forces are approximated by linear functions of wave par-
ticle velocities (1,7,8,9,11).

The Gaussian hypothesis was examined extensively in the past, and
probabilistic characteristics were developed for individual peaks of wave
forces and the largest value of these forces during storms (1,7,9,10,12,
13,14). The analysis of extreme wave forces was often based on the as-
sumption that individual peaks are independent (1,12,13,14). Mean
crossing rates of the wave force process (9,10) and simulation (7) were
also applied to determine maxima of wave forces. Developments gen-
erally consider the case of small or inexistent currents and assume that
Morison’s equation is valid.

This paper develops probabilistic descriptors for wave force processes
characterized by Morison’s equation, e.g., marginal distributions, mean
crossing rates, and extreme value distributions, and further evaluates
the Gaussian hypothesis. The descriptors are general and simple. They
have closed forms for drag forces with or without current and involve
a single numerical integration when drag and inertia forces are consid-
ered simultaneously. Results can be applied directly to the analysis of
quasi-static response of offshore platforms when Morison’s equation is
valid.

Wave Forces

Let Y*(t) be the wave particle velocity at any time, t. It is assumed
that Y*(t) is a twice-differentiable, stationary Gaussian process with pos-
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